p = 0.001) and AA genotype (AA vs. GG: OR = 0.245, 95% CI: 0.072-0.836, p = 0.025) were both correlated with a significantly decreased risk for gastric cancer development. Conclusion: An association between eIF3a rs77382849 polymorphism and susceptibility to gastric cancer was observed in these Chinese patients.
Introduction
Gastric cancer is one of the common alimentary canal malignancies, the incidence of which ranks fourth among malignancies globally [1] . Every year, approximately 1 million new cases of gastric cancer are diagnosed [2] . A total of 15% of confirmed gastric cancer patients will survive for 5 years, while 5% will survive for 10 years [3] . As many as 500,000 people have died from gastric cancer every year worldwide; gastric cancer is the second leading cause of malignant death [4] .
Due to the lack of symptoms in the early stage, gastric cancer is diagnosed at an advanced stage, and hence patient treatment is not effective [5] . Therefore, early detection and diagnosis are key to reducing the fatality rate of gastric cancer. The fact that only a small proportion of people who are exposed to relative risk factors develop gastric cancer also suggests that identifying high-risk individuals could play an essential role in medical manage-ment [6] . In recent years, many studies have shown that gastric cancer has been closely related to a variety of cancer genes, DNA repair genes, and gene mutations in metabolic enzymes [7, 8] .
Eukaryotic translation initiation factors (eIFs) are a type of protein that involves the whole translation process of the protein in eukaryotic cells to ensure the formation of the mRNA-ribosome-associated complex. Currently, more than 20 eIF family members have been identified [9] . Most studies had been devoted to eIF2, eIF3, eIF4, and eIF5 [10] . eIF3, composed of at least 12 subunits labeled eIF3a to eIF3m, is the most complicated and at the same time most important in the family of eIFs. Different subunits play different roles in the tumor: they can either control or cause tumor growth [11] .
eIF3a, also known as eIF3 p170, serves as the bridge during the translational process [12] . A previous study showed that eIF3a was overexpressed in gastric, breast, and esophageal cancers, indicating that eIF3a may cause tumor growth [13] . However, the specific mechanism for tumor development has not been elucidated. Dong et al. [14] reported that overexpression of eIF3a could cause upregulation of α-tubulin and subunits of ribonucleotide reductase, while underexpression could cause downregulation of p27kip/Kipl [15] , thus influencing cell proliferation, differentiation, and cycle control [11] . Therefore, eIF3a may cause the development of tumors through regulation of mRNA translation in the developing tumor as well as aberrant cell growth.
The eIF3a gene consists of 24 exons and 23 introns that are located in chromosome 10q26 [16] . Studies have shown that mutation of eIF3a is associated with susceptibility to tumor growth. Many studies have shown that single nucleotide polymorphisms are associated with tumor etiology, diagnosis, and prognosis [17, 18] . As for the study of polymorphisms in eIF3a, most research has been focused on lung cancer, breast cancer, and prostatic cancer [19, 20] . Olson et al. [21] screened 205 gene polymorphisms in 30 genes from 798 breast cancers and found that mutation of eIF3a rs10787899 A>G and rs3824830 C>T was significantly associated with susceptibility to gastric cancer. Thus far, no study has been performed to examine the association between rs77382849 and susceptibility to gastric cancer. Exploration of the association between eIF3a gene polymorphisms and susceptibility to gastric cancer is of vital importance for discovering new markers of gastric cancer. Therefore, the objective of this study was to analyze the eIF3a rs77382849 polymorphism and explore its association with susceptibility to gastric cancer.
Subjects and Methods

Selection of Study Population
A total of 322 cases with gastric cancer and 340 controls were enrolled in this study. These gastric cancer patients were consecutively diagnosed from March 2012 to March 2014 in the oncology and general surgery departments at The Second Xiangya Hospital. The exclusion criteria were secondary or recurrent tumors, and a history of other malignant neoplasms. The controls were non-gastric cancer patients who had completed a physical check in health examination center of The Second Xiangya Hospital between March 2012 and March 2014. The exclusion criteria for controls were a history of other malignant neoplasms and any digestive disease.
The Central South University Ethics Review Committee approved the protocol. Investigations conformed to the principles outlined in the declaration of Helsinki, and written informed consent was obtained from all the subjects.
A self-developed questionnaire was used to collect data that included recalling the situation of exposure before appearance of continuous respiratory symptoms. The questionnaire included 9 closed-ended questions about age, gender, occupation, marital status, educational level, smoking and drinking status, and whether the subject takes part in physical exercise or not. Five milliliters of venous whole blood were collected in an EDTA anticoagulant tube from participants and stored at 4 ° C before use. A blood DNA small kit was used to extract peripheral white blood cell genomes (Shanghai Sangon Biotech Co., Ltd.).
Genotyping
The polymerase chain reaction (PCR)-sequence specific primer technology was leveraged to genotype the rs77382849 in the eIF3a gene. The site sequence of rs77382849 in the eIf3a gene was identified in GenBank, and appropriate primers (sense primer 5 ′ -AAAAGGCAGCGTAAAGAAGACTGC-3 ′ , anti-sense primer 5 ′ -TGGCAGACGATGTAACAACTT-3 ′ ) were designed with Primer Premier 5.0, the specificity of which was verified using Blast (a software of NCBI). Primers were produced by Shanghai Sangon Biotech Co, Ltd. The PCR reaction was a total of 20 μl, which included a 10-μl mixture of 0. The enzyme digestion reaction was a total of 10 μl, including 2 μl of PCR product, 1 μl of 10× buffer, 0.5 μl of restriction endonuclease Pst I, and 6.5 μl of ddH 2 O. The Pst I enzyme digests wild-type EIF3a rs77382849 containing a G allele by recognizing the 'CTGCA^G' sequence. A mutant-type eIF3a rs77382849 containing an A allele was left. The reaction was kept at 37 ° C overnight. Five microliters of the enzyme-digested product were applied to a 3% agarose gel (containing 0.5 μg/ml of ethidium bromide). The electrolytic buffer solution was a 0.5× Tris Buffer EDTA solution, and the voltage for the sample migration was set at 120 V. Electrophoresis was performed for 40 min. A gel imaging processing system was used to observe the electrophoresis results, determine the genotype, and take photos.
Statistical Analysis EpiData 3.0 was used to input data, and SAS 9.2 was used to analyze the data. The χ 2 test was conducted for the comparison of grouped data. Logistic regression was used for multivariate analysis. All hypothesis tests were two tailed with a type 1 error rate fixed at 5%. 
Results
Basic information on the patient and control group is described in table 1 . No statistical significance was noted between the groups concerning age, gender, occupation, education, marriage, etc. (p > 0.05). The χ 2 test showed that the patients were more likely to smoke and drink than the control group (p < 0.05). Statistical significance was observed between the two groups for tea consumption and physical exercise (p < 0.05). Distribution frequency of rs77382849 GG, GA, and AA in the patient group was 63.98, 34.78, and 1.24%, respectively, and the corresponding distribution frequency in the control group was 54.41, 42.35, and 3.24%. The genotype distribution frequencies of the two groups reached statistical significance (p < 0.05). The rs77382849 GG genes were more prevalent in the gastric cancer group than the control group.
Logistic regression analysis revealed that rs77382849 genes were associated with the susceptibility for gastric cancer. Among the factors, smoking (OR = 2.672, 95% CI: 1.856-3.848) and drinking (OR = 2.897, 95% CI: 1.756-4.781) were risk factors for gastric cancer, whereas tea 
Discussion
In this study, the frequency of mutant rs77382849 G>A of eIF3a gene in the gastric cancer group was different from that of the healthy control group; this difference in the polymorphism of the eIF3a gene indicated that the presence of the G allele was associated with susceptibility to gastric cancer.
The finding that an association exists between eIF3a rs77382849 gene and susceptibility to gastric cancer was observed in ovarian cancer [22] , but a TT genotype was not observed, which could be due to small sample size.
Considering the distribution of genotypes in gastric cancer group and healthy control group, the GG genotype was more frequent in gastric cancer patients than in controls, probably because gastric cancer might be influenced by the GG polymorphism of eIF3a rs77382849. Hence, carrying the T allele could have a protective effect against gastric cancer. Recent epidemiological and genetic association studies have shown that gastric cancer is associated with polymorphisms in oncogenes [23] , metabolizing enzyme genes [8] , DNA repair genes [24] , and immune-related genes [25] . However, the biological mechanism of how genetic polymorphism in eIF3a rs77382849 contributes to gastric cancer is not completely clear. IF3a has been reported to have a variety of biological functions. At the initial stage of translation, eIF3a together with various types of translation initiation factors form the 40S ribosomal subunit that regulates RNA translation [10] . Additionally, eIF3a is able to up-or downregulate the synthesis of p27kipl, α-tubulin, and RRM2 protein to regulate cell cycle and proliferation [26] . Dong et al. [14] reported that suppression of endogenous eIF3a expression could reverse the deterioration of cancer cells, and Zhang et al. [27] observed that cells transformed by overexpression of eIF3a lead to a number of oncogenic properties such as increased rates of proliferation and clonogenicity, anchorage-independent growth, loss of contact inhibition, and greater metabolic activity, and thereby may play an important role in neoplasia.
Gene-environment or gene-lifestyle interactions could lead to the varying genetic effects observed in different studies [28, 29] . Evidence has indicated that environmental factors such as cigarette smoking and diet might play an important role in gastric carcinogenesis [30] . After adjustment for other confounding factors, the present study found that gastric cancer was still associated with polymorphisms of eIF3a rs7738284.
To our knowledge, this is the first report in the Chinese population regarding the association between eIF3a rs77382849 polymorphism and gastric cancer. However, we are aware that our findings still need to be validated by additional population-based studies in different ethnic groups prospectively. Further studies are necessary to expand the sample size and to clarify the pathophysiology mechanism of eIF3a rs77382849 mutation on gastric cancer development.
Conclusion
In this study, polymorphism in eIF3a rs77382849 was associated with susceptibility of gastric cancer. This finding could be of vital importance for the study of the pathogenesis of gastric cancer and of fundamental significance for identifying the population at risk that could lead to taking proper measures to prevent the development of gastric cancer in this population. Additionally, it is of significance for the detection and screening of molecular markers in cancer. However, since the specific mechanism causing cancer is still unclear, further research and a large number of samples are still needed to confirm our findings.
